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DESCRIPTION 

OPTICAL DISK MEDIUM, METHOD FOR IDENTIFYING OPTICAL DISK, 
AND OPTICAL DISK APPARATUS 

5 

TECHNICAL FIELD 

The present invention relates to optical disk media 
having the same form which can be classified into two types, 

10 such as a CD and a CD-R (i.e. , a medium of a reproduction -only 
type and a medium of a recordable type to which information 
can be added, respectively). The present invention also 
relates to a method for identifying an optical disk with 
respect to whether the optical disk is of a reproduction-only 

15 type or a recordable type, and to an optical disk apparatus 
for performing at least a reproduction process on the optical 
disk medium. 

BACKGROUND ART 

20 

In recent years, optical disks have been used in a 
variety of applications, such as recording or storing of 
images , sounds , or information . In particular , a recordable 
optical disk is expected to be used in applications , such 
25 as authoring of video or audio contents (i.e. , a trial piece 
for mass production) , or it is expected to be used as a medium 
on which a general user can record audio or video information . 

It is preferred that the recordable optical disk has 
30 the same form as that of a reproduction-only optical disk, 
as in the case of a CD-R, i.e., the format of information 
recorded on a CD-R is the same as the format of information 
stored on a reproduction -only CD. The reason for this is 
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that when the recordable optical disk and the reproduc- 
tion-only optical disk use the same format, information 
recorded on the recordable optical disk can be reproduced 
by using a reproduction-only optical disk apparatus (e.g. , 
a CD player) as it is. 

This is not only a matter of cost of the optical disk 
apparatus but also a matter of importance to enhancement 
of content popularity. Specifically, the reproduction -only 
optical disk, such as a CD, has information pits preformed 
in a substrate thereof and such pits are usually formed by 
in j ect ing resin into a die under high pres sure . Accordingly , 
production facilities are large in scale , and thus the optical 
disks are supposed to be mass-produced. 

On the other hand, the recordable optical disks , such 
as CD-Rs , are suitable for being produced in small quantities 
for various kinds of products . By using the same format for 
both the recordable optical disk and the reproduction -only 
optical disk, the optical disk apparatus can treat the 
recordable optical disk as a reproduction-only optical disk 
so as to reproduce information on the recordable optical 
disk, whereby it is possible to achieve quick adaptability 
to the diversity in the market. 

In the case where an optical disk is used for authoring , 
even if system performance is verified using a recordable 
optical disk, when the format for reproduction -only optical 
disks to be mass-produced is different from that for the 
recordable optical disk, the same system performance cannot 
always be obtained. Thus, it is preferred that the re- 
production-only disk and the recordable disk have the same 
format when being used for authoring. 
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However, when the same format is used for both the 
reproduction -only disk and the recordable disk for the 
aforementioned reasons, there arises a copyright problem. 
5 Specifically, it is possible to reproduce digital information 
on the reproduction-only disk so as to read the digital 
information bit -by-bit and sequentially record the digital 
information on the recordable disk (i.e., it is possible 
to make a so-called bit-by-bit copy), whereby the re- 
10 production -only disk can be readily copied. 

Thus, various kinds of disk format have been 
conventionally devised for the purpose of copyright 
protection. For example, Japanese Laid- Open Patent 

15 Publication No. 5-266576 discloses that when information 
is legally recorded (copied) on a disk, an invalid sector 
(a defect sector) is purposely provided on the disk. By 
applying this technology, it is possible to identify whether 
or not a target disk has been illegally copied from a 

20 reproduction -only disk, since no defect sector can be 
initially present on the reproduction -only disk. Moreover, 
Japanese Laid-Open Patent Publication No. 10-302404 
discloses a method for preventing a bit -by-bit copy by cutting 
off a spiral groove preformed in a recordable disk in suitable 

25 places. 

However, the aforementioned technologies are based 
on a premise that the reproduction-only disk and the 
recordable disk have different formats from each other. 



The present invention has been made in view of the 
above problems and aims to provide: an optical disk medium 
which makes it possible to readily identify an illegal 
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bit-by-bit copy even when both a reproduction -only disk and 
a recordable disk have the same format; a method for 
identifying an optical disk; and an optical disk apparatus. 

DISCLOSURE OF THE INVENTION 

A reproduction -only disk medium of the present 
invention includes preformed first information, the first 
information is formed in the same format as second information 
recorded on a prescribed recordable disk medium, and a 
direction along which the first information is formed on 
the reproduction-only disk medium is opposite to a direction 
along which the second information is recorded on the 
prescribed recordable disk medium, and therefore the above 
described objective is achieved. 

Third information, which represents that the first 
information is illegal, may be preformed on the repro- 
duction-only disk medium. 

The first information may be formed according to a 
prescribed modulation rule; fourth information, which has 
a first mark having a code length other than that created 
according to the prescribed modulation rule , may be preformed 
on the reproduction- only disk medium; and a second mark and 
a third mark respectively having a different prescribed code 
length may be formed so as to be adjacent the first mark. 

The first information may be formed along a first 
spiral direction of a spiral first track on the repro- 
duction-only disk medium, and the first spiral direction 
may be opposite to a second spiral direction of a spiral 
second track on the prescribed recordable disk medium on 



- 5 - 



P23461 



which the second information is recorded. 

A recordable disk medium of the present invention 
is a recordable disk medium on which first information is 
recorded, the first information is recorded in the same format 
as second information preformed on a prescribed repro- 
duction-only disk medium and a direction along which the 
first information is recorded on the recordable disk medium 
is opposite to a direction along which the second information 
is formed on the prescribed reproduction -only disk medium, 
and therefore the above described objective is achieved. 

The recordable disk medium may include a region in 
which third information is recorded representing whether 
the first information is legal or illegal. 

The first information may be recorded according to 
a prescribed modulation rule; fourth information, which has 
a first mark having a code length other than that created 
according to the prescribed modulation rule, may be recorded 
on the recordable disk medium; and a second mark and a third 
mark respectively having a different prescribed code length 
may be recorded so as to be adjacent the first mark. 

The first information may be recorded along a first 
spiral direction of a spiral first track on the recordable 
disk medium; and the first spiral direction may be opposite 
to a second spiral direction of a spiral second track on 
the prescribed reproduction -only disk medium on which the 
second information is formed. 

An optical disk apparatus of the present invention 
reproduces at least first information or second information 
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from a reproduction -only disk medium on which the first 
information is preformed or a recordable disk medium on which 
the second information is recorded, the optical disk apparatus 
includes: a motor for rotating the reproduction-only disk 
medium or the recordable disk medium; and a motor drive section 
for controlling the motor, a rotation direction during 
reproduction of the reproduction-only disk medium is 
different from a rotation direction during reproduction of 
the recordable disk medium, and therefore the above described 
objective is achieved. 

A first spiral direction of a spiral first track on 
the reproduction -only disk medium on which the first 
information is formed may be opposite to a second spiral 
direction of a spiral second track on the recordable disk 
medium on which the second information is recorded; and the 
optical disk apparatus may further include a disk type 
identification section for identifying the reproduc- 
tion-only disk medium and the recordable disk medium from 
the first spiral direction or the second spiral direction. 

The optical disk apparatus may further include a 
rotation direction switching section for switching a rotation 
direction of the motor according to the first spiral direction 
or the second spiral direction. 

The reproduction -only disk medium may include 
preformed third information which represents that the first 
information is illegal; and during reproduction of the 
reproduction-only disk medium, the third information may 
be ignored by the optical disk apparatus. 

The reproduction- only disk medium may include 
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preformed fourth information representing the first spiral 
direction; the recordable disk medium may include preformed 
fifth information representing the second spiral direction; 
and a direction identification section may identify the first 
spiral direction and the second spiral direction based on 
the fourth information and the fifth information . 

A disk medium identification method for identifying 
a reproduction -only disk medium of the present invention 
includes a plurality of pits preformed along a first spiral 
direction of a spiral first track and a recordable disk medium 
on which information can be recorded along a second spiral 
direction of a spiral second track opposite to the first 
spiral direction, the method includes the steps of : performing 
tracking control by rotating a prescribed disk along a 
prescribed direction; integrating a tracking error signal 
created when performing the tracking control; and identifying 
the reproduction -only disk medium and the recordable disk 
medium according to a polarity of the integrated tracking 
error signal, and therefore the above described objective 
is achieved. 

A disk medium identification method for identifying 
a reproduction- only disk medium of the present invention 
includes a plurality of pits preformed along a first spiral 
direction of a spiral first track and a recordable disk medium 
on which information can be recorded along a second spiral 
direction of a spiral second track opposite to the first 
spiral direction, the method includes the steps of : detecting 
a first signal from a prescribed disk when the prescribed 
disk is rotated along a prescribed direction ; and identifying 
the reproduction -only disk medium and the recordable disk 
medium based on the first signal, and therefore the above 
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described objective is achieved. 

The first signal may include at least a second signal 
having a first code length, a third signal having a second 
code length, and a fourth signal having a third code length, 
the code lengths being different from one another. 

The step of identifying may include identifying the 
reproduction -only disk medium and the recordable disk medium 
according to at least an order in which the second signal, 
the third signal, and the fourth signal are reproduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a diagram illustrating a structure of 
an optical disk medium according to Example 1 of the present 
invention . 

Figure IB is a diagram illustrating a structure of 
another optical disk medium according to Example 1 of the 
present invention. 

Figure 2A is a schematic diagram illustrating part 
of an optical disk medium according to Example 1 of the present 
invention. 

Figure 2B is a schematic diagram illustrating part 
of another optical disk medium according to Example 1 of 
the present invention. 

Figure 3 is a block diagram of an optical disk 
apparatus according to Example 2 of the present invention . 
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Figure 4A is a diagram explaining an operation 
according to Example 2 of the present invention. 

Figure 4B is a diagram explaining another operation 
according to Example 2 of the present invention. 

Figure 4C is a flowchart illustrating a spiral 
direction detection method according to Example 2 of the 
present invention. 

Figure 4D is a flowchart illustrating an illegal copy 
detection method according to Example 2 of the present 
invention. 

Figure 5 is a block diagram of an optical disk 
apparatus according to Example 3 of the present invention. 

Figure 6A is a graph explaining an operation 
according to Example 3 of the present invention. 

Figure 6B is a flowchart illustrating a spiral 
direction detection method according to Example 3 of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
( Example 1 ) 

Hereinafter, optical disk media according to 
Example 1 of the present invention will be described with 
reference to the drawings . The optical disk media according 
to Example 1 are classified into two types, i.e., a re- 
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product ion -only type and a recordable type. Structures of 
these two types of optical disk media are respectively shown 
in Figures 1A and IB. 

Figure 1A illustrates an optical disk medium 1000 
of a reproduction-only type. The optical disk medium 1000 
includes a substrate 100 with information marks 101 and synch 
marks 102 provided along a spiral track center line 103. 
The information marks 101 and synch marks 102 are respective 
concave and convex f ormedbypits and spaces . The track center 
line 103 as described herein does not actually exist as a 
line on the disk surface as shown in Figure 1A, rather it 
is virtually depicted. In other words, the track center 
line 103 runs through the center of a group of spirally formed 
information pits. 

Figure IB illustrates an optical disk medium 2000 
of a recordable type . The optical disk medium 2000 includes 
a substrate 200 with a spiral track groove 203. Information 
marks 201 and synch marks 202 are included in the track 
groove 203. Although not shown, on the track groove 203, 
there is a preformed recording layer in which information 
can be written or rewritten (hereinafter, "record" is used 
instead of "write" or "rewrite" ) , and optical characteristics 
of the recording layer, such as a reflection coefficient, 
are changed by photothermal means, as in the case of a phase 
change film. 

The optical disk medium 1000 of a type shown in 
Figure 1A and the optical disk medium 2000 of a type shown 
in Figure IB are characterized in that information preformed 
on the optical disk medium 1000 and information to be recorded 
on the optical disk medium 2000 use the same recording form. 
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i.e. , format. The format as described herein means a common 
standard regarding recording and reproduction procedures, 
such as modulation and demodulation methods (e.g., 8-16 
modulation for DVD applications) , an error correction method, 
etc. When the same format is used, at least information stored 
on an optical disk can he reproduced regardless of whether 
the disk is a reproduction-only type or a recordable type. 

However, as described above, when the reproduc- 
tion-only optical disk and the recordable optical disk have 
the same format, it is extremely easy to illegally copy the 
reproduction -only optical disk, thereby causing the 
copyright for information formed or recorded on the optical 
disk to be improperly protected. 

Therefore, in Example 1 of the present invention, 
as shown in Figures 1A and IB, the polarity of a spiral track 
provided in the optical disk medium of a reproduction-only 
type is opposite the polarity of the spiral track provided 
in the optical disk medium of a recordable type . By applying 
these structures, firstly, it is possible to identify the 
type of the optical disk medium, and it is also possible 
to identify whether or not making a copy of the optical disk 
medium is legal, as will be described below in detail. A 
legality detection method will now be described with respect 
to the case where the type of the optical disk medium has 
been identified. 

Figures 2A and 2B schematically illustrate 
structural examples of information groups formed or recorded 
on the optical disk media 1000 and 2000 according to a 
prescribed format. 
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The aforementioned information groups include: user 
data DAT111 or DAT211 (respectively corresponding to the 
information mark 101 of Figure 1A and the information 
mark 201 of Figure IB) in which normal data (e.g. , a digital 
image, etc.) is formed or recorded; control data CNTL113 
or CNTL213 in which management information or the like is 
formed or recorded; and synch marks 112 or 212 (respectively 
corresponding to the synch mark 102 of Figure 1A and the 
synch mark 202 of Figure IB) . 

Moreover, copy information CP is included in control 
data CNTL113 and CNTL213. For example, when recording any 
information on a recordable optical disk medium with 
permission, CP=0 (legal recording) is recorded on the optical 
disk medium. Specifically, when an information provider 
supplies a receiver with digital TV images via a communication 
line or the like, the information provider sends, according 
to a payment, information representing whether or not 
recording is permitted to the receiver. When recording is 
permitted, the receiver records CP=0 on the optical disk 
medium. When recording is prohibited, the receiver records 
CP=1 (illegal recording) on the optical disk medium. Once 
reproducing information from an optical disk medium on which 
information representing recording prohibition has been 
written is prohibited based on a standard, any information 
recorded without permission cannot be reproduced. 

In this case, since the provider of the recording 
information can control a recording apparatus, the pro- 
hibition of an illegal copy can be achieved in a relatively 
easy manner. However, when illegally copying information 
bit -by-bit from the reproduction -only optical disk onto the 
recordable optical disk medium, there are no measures to 
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prohibit copying, whereby a copied medium can be readily 
produced. 

Thus, in Example 1 of the present invention, copy 
information CP=1 representing that the disk has been produced 
by illegal copy is preformed on the optical disk medium 1000 
of a reproduction -only type. In this case, information 
representing illegality is recorded on each optical disk 
medium 2000 produced by coping information on the optical 
disk medium 1000 bit-by-bit, whereby reproducing infor- 
mation copied to the optical disk medium 2000 is prohibited. 

Since the reproduction- only optical disk me- 
dium 1000 pres tores the information representing "ille- 
gality", any information stored on this reproduction-only 
optical disk medium 1000 can be prohibited from being 
reproduced . However , in the case of reproducing information 
on an optical disk medium, when the optical disk medium can 
be identified as being either a reproduction -only type or 
a recordable type, the information representing "illegality" 
stored on the reproduction -only optical disk medium 1000 
can be ignored so as to reproduce other information stored 
thereon . 

Therefore, when reproducing information on an 
optical disk medium , there is a need for a means for identifying 
whether the optical disk medium is a reproduction-only type 
or a recordable type. In Example 1, by providing spiral 
tracks in the optical disk medium of a reproduction-only 
type and the optical disk medium of a recordable type such 
that directions of the spiral tracks are opposed to each 
other, it is possible to identify both types of optical disk 
media . An identification method will be described in detail 
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(Example 2) 

Figure 3 is a block diagram of an optical disk 
5 apparatus 3000 according to Example 2 of the present 
invention. In the optical disk apparatus 3000, an optical 
disk medium 1 is placed so as to be rotated along a prescribed 
direction by a disk motor 10. The optical disk medium 1000 
shown in Figure 1A or the optical disk medium 2000 shown 
10 in Figure IB is used as the optical disk medium 1. An optical 
head 2 reads information formed or recorded on the optical 
disk medium 1, and an information reproduction section 3 
reproduces information data according to a reproduction 
signal obtained from the optical disk medium 1. 

15 

Specifically, the information reproduction sec- 
tion 3 includes, for example, a signal binarizing circuit 
and a PLL circuit (not shown) . The information reproducing 
section 3 transforms the reproduction signal into a binary 
20 pulse signal, and then creates a synchronizing clock so as 
ill to create synchronized information data using the syn- 

chronizing clock. A disk type identification section 6 
identifies a direction of a spiral track provided on the 
optical disk medium 1 so as to identify whether the optical 
25 disk medium 1 is a reproduction-only type or a recordable 
type . An example of a spiral direction detection method will 
be described with reference to Figures 1A through 4B. 

In the structural examples of information groups 
30 shown in Figures 2A and 2B, the synch marks (denoted by SY 
in the figures) 112 or 212 are inserted every other data 
block based on the format. A synch mark as described herein 
is used for tracking down the beginning of data, i.e. , the , 



a 
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III 



synch mark is used for indicating a boundary between data 
blocks and realizing data synchronization. In general, a 
code which cannot exist in normal data is used as the synch 
mark. For example, in the case of DVD format, 8-16 modulated 
normal data is limited to a code length of 3T to 11T (T: 
channel clock length). In such a format, by defining, as 
a synch mark, a mark longer than the longest mark (11T) of 
the normal data, e.g. , a code including a mark having a length 
of 14T, it is possible to readily distinguish the synch mark 
from other data. 

A spiral direction detection method according to 
Example 2 will now be described with reference to Figures 4A 
and 4B, and a flowchart 3100 shown in Figure 4C. 



In Example 2, as shown in Figures 4A and 4B, the 
;L s optical disk medium 1 includes a (pit) mark having a length 

l=y of 14T and (space) marks which are provided before and after 

rU the (pit) mark and have different lengths (3T and 5T) . In 

q 20 this setting, by detecting the mark having a length of 14T 

ry when reproducing information on the optical disk medium 1, 

it is possible to identify a synch mark (step S101 shown 
in Figure 4C) . Moreover, by sensing the order in which the 
marks adjacent the synch mark have been detected ( step SI 02 ) , 
25 it is possible to identify a spiral direction of the optical 
disk medium 1, so that the type of the optical disk medium 1 
can be identified. 

Specifically, a spiral track formed on the optical 
30 diskmedium 2000 of a recordable type has a direction opposite 
to that of the spiral track formed on the optical disk 
medium 1000 of a reproduction-only type. Accordingly, in 
the case of recording information on the optical disk 
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medium 2000 of a recordable type, the disk motor is naturally 
required to rotate in an opposite way with respect to the 
case of reproducing information on the optical disk me- 
dium 1000 of a reproduction-only type. The same applies to 
the case of reproducing information on the optical disk 
medium 2000. In other words, when the optical disk me- 
dium 2000 is rotated along the same direction as in the case 
of the optical disk medium 1000 so as to reproduce information 
on the optical disk medium 2000 , as can be seen from Figures 4A 
and 4B, a reproduction direction of the information on the 
optical disk medium 2000 is opposite to a reproduction 
direction of the information on the optical disk medium 1000 . 
Specifically, although information should be reproduced in 
the order of 3T, 14T and 5T in the proper manner, information 
is reproduced in the order of 5T, 14T and 3T, and thus the 
optical disk medium 1 is determined to be the optical disk 
medium 2000. When information is reproduced in the order 
of 5T, 14T and 3T, a rotation direction of the optical disk 
medium 1 is reversed (step S103 shown in Figure 4C) . When 
information is reproduced in the order of 3T, 14T and 5T, 
information is further read from the optical disk medium 1 
without changing the rotation direction of the optical disk 
medium 1 (step S104). 

As described above, by providing the marks having 
different lengths so as to be adjacent the identifiable mark 
having a length of 14T, and sensing the reproduction order 
of these marks using the disk type identification section 6 
(Figure 3) , a signal reproduction direction, i.e. , a spiral 
direction can be found, and thus the type of the optical 
disk medium 1 can be identified. 

Next, an illegal copy detection method will be 
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described with reference to a flowchart 3200 shown in 
Figure 4D. The illegal copy detection method is performed 
after the type (spiral direction) of the disk is determined 
in the above -described manner. 

In Example 2 , when the spiral direction is identif ied # 
a polarity switching signal POL (Figure 3) is sent to a 
polarity switching section 9. The polarity switching 
section 9 is provided between the disk motor 10 and a motor 
drive section 8 which supplies a drive current to the disk 
motor 10. The polarity switching section 9 switches a 
direction of the current supplied to the disk motor 10 
according to the polarity switching signal POL . For example , 
when reproducing information on the optical disk medium 1000 
of a reproduction -only type along the right direction, the 
polarity switching signal POL is POL=0 , and when reproducing 
information on the optical disk medium 2000 of a recordable 
type along the same direction, the polarity switching 
signal POL is P0L=1. The polarity switching section 9 
performs a crossbar operation according to the signal. When 
the current direction is switched by this operation, the 
rotation of the disk motor 10 is reversed. The 
above-described series of processes realize information 
reproduction regardless of the type of the optical disk 
medium . 

When information is read along the proper direction 
by an optical head, the information reproduction section 3 
performs an information reproduction process based on the 
format shown in Figures 2A or 2B. During this process, copy 
information CP is reproduced ( step S2 01 shown in Figure 4D) . 

Next, whether the optical disk medium 1 is the optical 
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disk medium 1000 of a reproduction -only type or the optical 
disk medium 2000 of a recordable type is determined based 
on the results of the method depicted in the flowchart of 
Figure 4C (step S202). 

5 

In the case where the optical disk medium 1 is the 
optical disk medium 1000 of a reproduction -only type, as 
described above, although all the optical disk media 1000 
of a reproduction-only type include CP=1 (information 
10 representing illegality), when the copy information de- 
tection section 4 identifies a spiral direction of the optical 

iil disk medium 1 and determines that information on the optical 

disk medium 1000 of a reproduction -only type is reproduced 
(POL=0), the information representing illegality is ignored. 

jl 15 At this time, the copy information detect ion section 4 outputs 

UJ an output C=0 (legal) and information is further read 

m 

*~ (step S203) . 

LH On the other hand, in the case where the optical disk 

;Jj 20 medium 2000 of a recordable type is reproduced, the disk 

~; type identification section 6 outputs POL = l . In this case, 

the copy information detection section 4 outputs the copy 
information as it is. Specifically, when information 
recorded on the optical disk medium 2000 has been recorded 
25 through an illegal procedure, C=0 is output, and when it 
has not been through the illegal procedure, C=l is output 
(step S204). 

A gate 5 (Figure 3) determines, based on the output 
30 C from copy information determination section 4, whether 
or not to output a reproduction signal SDATA. In Example 2 , 
when C=0, the reproduction signal SDATA is output ( step S205), 
and when C=l, the reproduction signal SDATA is prohibited 
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from being output (step S206). 

As described above, according to Example 2 of the 
present invention, by preforming information representing 
a history that information has been illegally copied on the 
optical disk medium 1000 and also forming a spiral track 
on the optical disk medium 2000 of a recordable type so as 
to have a direction opposite to that of a spiral track formed 
on the optical disk medium 1000 of a reproduction -only type, 
it is possible to accurately identify both type of the optical 
disk media, and it is also possible to readily identify 
illegally copied information. 

Moreover, according to Example 2 of the present 
invention, even if information on the optical disk medium 1000 
of a reproduction -only type is copied bit-by-bit on the 
optical disk medium 2000 of a recordable type, which has 
the same format as the optical disk medium 1000, the 
illegality of the disk can be readily identified and 
reproducing the illegal disk can be prohibited, whereby 
copyright protection can be achieved. 

It should be noted that the term "same format" as 
described in Example 2 of the present invention is not limited 
to a meaning of exactly the same form, and in view of the 
spirit of the present invention, it includes any format for 
a disk of a recordable type which appears to a repro- 
duction-only optical disk drive as if the format is 
practically the same as a format for a disk of a repro- 
duction-only type. 

For example, there are some cases where the disk of 
a recordable type has a physical address in addition to the 
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format for a disk of a reproduction -only type. The physical 
address refers to address information preformed on the disk 
of a recordable type. When the disk is in an initial state, 
i.e. , nothing has been recorded on the disk yet, the physical 
address is used as an index for recording information. In 
this case, strictly speaking, the format for the disk of 
a recordable type is different from that for the disk of 
a reproduction -only type. However, in the case where a 
reproduction -only optical disk apparatus reproduces in- 
formation on the disk of a recordable type, when the 
reproduction -only optical disk apparatus is simply set so 
as to ignore the physical address, the format for the disk 
of a recordable type can be substantially same as that for 
the disk of a reproduction -only type. 

Moreover, in view of the spirit of the present 
invention, both types of disks, which have their respective 
spiral tracks opposing each other, have the same format. 
For example, one of the reasons why both types of the disks 
should have the same format is that, in the case where the 
disk of a recordable type is used as an authoring disk, if 
the disk of a recordable type does not have the same format 
as that of the disk of a reproduction -only type which is 
a disk to be a final product, as described above, system 
performance cannot be satisfactorily verified. However, in 
Example 2, it is not conceivable that reversing a rotation 
direction of an optical disk affects system performance. 
Moreover, in the case where a general user uses a "re- 
production-only disk" produced, in view of production in 
small quantities for various kinds of products, in such a 
manner that a manufacturer records information on a disk 
of a recordable type, it is not conceivable that there is 
a difference in reproduction performance between a 
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mass-produced reproduction -only disk and the disk of a 
recordable type due to their opposing motor rotation 
directions . 

5 (Example 3) 

Figure 5 is a block diagram of an optical disk 
apparatus 4000 according to Example 3 of the present 
invention. In the optical disk apparatus 4000 shown in 
Figure 5, components similar to those of the optical disk 

10 apparatus 3000 shown in Figure 3 are denoted by similar 
reference numerals. Specifically, in the optical disk 
apparatus 4000, an optical disk medium 1, an information 
reproduction section 3, a copy information determination 
section 4, a gate 5, a motor drive section 8, a polarity 

15 switching section 9, and a disk motor 10 have the same 
function as .their corresponding components of the optical 
disk apparatus 3000 shown in Figure 3. 

In the optical disk apparatus 4000, an optical 
20 head 20 includes an object lens 20b which focuses a laser 
beam emitted by a laser source 20a on the optical disk medium 1, 
and a photodetector 20o which transforms a reflection beam 
from the optical disk medium 1 into an electric signal group . 
A head amplifier 21 creates an information reproduction 
25 signal HF and a tracking error signal TE from the electric 
signal group. The tracking error signal TE is input to a 
phase compensation filter 22, and the phase compensation 
filter 22 outputs a tracking control signal TC. The 
tracking control signal TC is fed back through a drive 
30 amplifier 23 to a tracking actuator 20dof the optical head 20, 
thereby performing tracking control. Example 3 of the 
present invention is characterized in that the type of the 
optical disk medium 1 is identified by identifying a spiral 
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direction of the optical disk medium 1 based on the tracking 
control signal TC. 

With the above -described tracking control, the 
location of a focused laser beam with which the optical disk 
medium 1 is irradiated by the object lens 20b is controlled 
so as to follow a track formed on the optical disk medium 1 . 
Where the optical disk medium 1 is rotated along a prescribed 
direction, the aforementioned focused laser beammoves toward 
an outer circumference or an inner circumference of the 
optical disk medium 1 . Whether the focused laser beam moves 
toward the outer circumference or the inner circumference 
of the optical disk medium 1 depends on a spiral direction 
of the track on the optical disk medium 1. Thus , from a moving 
direction of the focused laser beam, which has been tracking 
controlled, the spiral direction of the optical disk medium 1 
can be identified, thereby identifying the type of optical 
disk medium 1. 

A specific example of methods for detecting the moving 
direction of the focused laser beam uses an optical element 
which detects displacement of the tracking actuator 20d. 
In Example 3 of the present invention, the polarity of an 
accumulated error of a tracking error signal is detected 
using an integrator circuit 24 and a comparator 25. A method 
for detecting the spiral direction of the optical disk 
medium 1 from the moving direction of the focused laser beam 
will be described with reference to Figure 6A and a flowchart 
4100 shown in Figure 6B. 

The aforementioned tracking control system is used 
for feeding back a detected tracking error signal to the 
tracking actuator 20d (step S301 shown in Figure 6B) . The 
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detected tracking error signal is integrated (step S302), 
and the polarity of the integrated tracking error signal 
is identified ( step S303 ) . Although not shown in the figures , 
the tracking actuator 20d includes a movable element on which 
5 an object lens is mounted, and a fixed element to which an 
electromagnetic coil is provided. These two elements are 
joined by a weak elastic body (e.g., a spring), and thus 
the tracking actuator 20d has spring-mass system secondary 
integral characteristics. That is, the tracking actua- 

10 tor 20d has a character of being displaced by a distance 
corresponding to a value obtained by integrating the tracking 
error signal TE through the tracking control . In other words , 
the tracking actuator 20d has the ability to overpower 
reaction force of a spring using an integrated driving power. 

15 Thus, an integrated output by the integrator circuit 24 
exactly corresponds to the displacement of the tracking 
actuator 20d. 

Figure 6A shows an example of variations in an 
20 integrated tracking error signal STE (i.e., the afore- 
mentioned integrated output) for each of the cases where 
the optical disk medium 1 is a reproduction -only type or 
a recordable type and a rotation direction of the optical 
disk medium 1 is prescribed. 

25 

In Figure 6A, for example, when the tracking control 
is performed on the optical disk medium 1000 of a re- 
production-only type as the optical disk medium 1, the 
tracking actuator 20d is displaced toward the outer 
30 circumference of the disk and the integrated tracking error 
signal STE varies in a positive direction. In this case, 
information is further read (step S304). 
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On the other hand, when reproducing information on 
the optical disk medium 2000 of a recordable type on which 
a spiral track is formed along a direction opposite the optical 
disk medium 1000, the tracking actuator 20d is displaced 
toward the inner circumference of the disk and the integrated 
tracking error signal STE varies in a negative direction. 
Thus, when it is possible to identify the polarity in which 
the integrated tracking error signal STE varies, a spiral 
direction of the optical disk medium 1, that is, the type 
of the disk can be identified. 

In Example 3 of the present invention, as shown in 
Figure 6A, a threshold -Vth is set on the negative side of 
an electric potential, and when the integrated tracking error 
signal STE falls below the threshold -Vth, the comparator 25 
is operated, so that a latch 26 (Figure 5) holds a signal 
from the comparator 25 and supplies a polarity switching 
signal POL to the polarity switching section 9 and the copy 
information determination section 4 (step S305 shown in 
Figure 6B) . 

Moreover, after the type of the optical disk medium 1 
has been identified in the above -described manner, illegal 
copy detection is performed in a manner as shown in Figure 4D . 

As described above, according to Example 3 of the 
present invention, the spiral direction of the optical disk 
medium 1 can be identified based on an amount of the integrated 
tracking error signal TE, thereby further identifying the 
type of the optical disk medium 1. 

In the present invention, as described above, it is 
preferable that switching a rotation direction of an optical 
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disk medium is automatically performed by an optical disk 
apparatus. However, a user of the optical disk apparatus 
may manually switch the rotation direction of the optical 
disk medium by operating the optical disk apparatus . 

5 

It should be noted that the present invention is 
applicable not only to an optical disk but also to recording 
media having any disk shape, such as a magneto-optical disk, 
a magnetic disk, etc. 

10 

INDUSTRIAL APPLICABILITY 

□ As described above, according to the present 
5 invention, an optical disk of a reproduction- only type and 
Tl 15 an optical disk of a recordable type have the same format 

and each type of the disks includes a track thereon, which 
'~ has a spiral direction opposite the other type of disk , whereby 

□ it is possible to readily identify both types of disks. It 

■■% \ 

=1 is also possible to identify whether or not information has 

y 

Jl 20 been illegally recorded on an optical disk. These features 
allow copyright of information recorded on the disk to be 
properly protected. 



